ABSTRACT The mortality of 2926 male workers at the tanneries in the "leather area" ofTuscany was examined from 1950 to 1983 comparing it with the national mortality. Cancer mortality was of particular concern because of the many chemicals known to be definite or suspected carcinogens used in the tanning cycle, in particular chromate pigments, benzidine based dyes, formaldehyde, and organic solvents. There was no excess of deaths for cancers of all sites but slight increases in deaths from cancer of the lung (SMR = 131, CI 95% = 88-182), bladder (SMR = 150, CI 95% = 48-349), kidney (SMR = 323, CI 95% = 86-827), pancreas (SMR = 146, CI 95% = 39-373), and leukaemias (SMR = 164, CI 95% = 53-382) occurred. Two cases of soft tissue sarcomas were observed versus 0 09 expected (SMR = 2178, CI 95% = 250-8023).
Chemical substances known to be carcinogenic for man and animals have been used in the tanning industry for many years.'3 It has not been clearly established if workers handling these materials are at an increased risk of developing cancer. Several studies have shown an increased risk of tumours of nasal cavity sinuses,' bladder,7-" pharynx, lung,'2"3 and of the haemopoietic and lymphopoietic systems8 among leather workers but few studies have dealt specifically with tannery workers.
In a large case-control study on cancer of the bladder conducted in Boston, showing an increased risk for leather workers in general, an increased risk associated with tanning operations was not significant. 7 No evidence of an increased risk of developing cancer was suggested by a cohort mortality study conducted in England.'4 Similar negative results were reported by Stern in a large cohort mortality study concerning people engaged in two chrome tanneries in the United States.'5 Others have reported an excess of malignant tumours of the intestine'6 and of cancer of the stomach and pancreas'7; in addition, an excess risk of cancer of the lung'3 and of the kidney'8 has been suggested.
In Tuscany (Italy) leather production is a major industry and tanneries are concentrated in an area named the "leather area" in the provinces of Florence and Pisa. Accepted 9 January 1989 We have conducted a cohort mortality study in this area; of particular concern were cancers of the lung and urinary tract because chromates known to be carcinogenic for the lung and benzidine based dyes for the bladder were used.
Materials and methods
The An analysis of duration between first exposure and death was also carried out and the chi-squared test for trend was calculated with a Poisson trend statistic.22
Results
Only four workers of the 2926 were lost to follow up and not included in the analysis. The cohort was young with an average age of 45 and an average period of 15 years follow up. About 75% ofthe subjects entered the cohort when they were under 39. The average duration of employment was about seven years. Table 2 shows observed deaths, expected deaths, and SMRs for major causes of death. Mortality for all causes was significantly less than expected (SMR = 69), the mortality deficit being mostly in circulatory diseases (SMR = 47); there was no evidence of a deficit for tumours (SMR = 97). Seniori Costantini, Paci, Miligi, BuiaUti, Martelli, Lenzi 
Discussion
The results ofthis study suggest that there is no overall increased risk of tannery workers developing cancer. This conclusion, however, must be tempered by the fact that the period offollow up is rather short to allow for the appearance of solid tumours. The fact that mortality for all causes was significantly less than expected is consistent with the "healthy worker effect."
The low SMR for cancer of the stomach is difficult to explain. These data conflict with the results of a Swedish study'7 which showed an excess risk of stomach cancer among tannery workers and with an Italian study in which an excess risk ofdigestive cancer was observed.'6 Tuscan death rates are available only for 1970-9 but in that period the rates for all cancer sites do not notably differ from national rates except for stomach cancer which is always higher in Tuscany23 (while nevertheless following the same decreasing trend over time as in the rest of Italy). In particular, a mortality study of residents in Santacroce sull' Arno, in the period 1969-79 found the rates for digestive tract cancers to be significantly raised compared with the national rates in the period 1960-9 but then slightly lower than national rates in the period 1970-9. In this study SMRs for stomach cancer among the tannery population were, however, lower in both periods examined. Thus whereas Tuscany is generally Cancer mortality among workers in the Tuscan tanning industry known as a region ofhigh stomach cancer, this pattern appears to be modified by socioeconomic and nutritional factors.24 Possibly, therefore, the low risk among tannery workers may be explained by their socioeconomic status (in Tuscany tannery workers are well paid artisans with stable employment) and also by the absence of strong occupational risk factors for stomach cancer. This hypothesis is being investigated as part of a large case-control study on diet and stomach cancer now under way. 25 The slight increase in cancer of the pancreas is consistent with the findings of Edling et al. '7 Evidence of an association between pancreatic cancer and smoking, alcohol, coffee consumption, and some occupational carcinogens is suggested in several studies, but there has been no evidence of an association with any specific chemical used in tanning. It would be interesting to examine this further.
A slight, but non-significant, excess of lung cancer was shown in the cohort. In a cohort study conducted in the United States a significant increase of lung cancer was found,'3 whereas this has not been confirmed by most other studies in this sector.'4 5 17 A risk factor for lung cancer may be the use of trivalent chrome salts which can contain hexavalent salts as impurities. The two bath tanning method in which hides are saturated with hexavalent chrome salts and then placed in a bath that reduces the dichromate to trivalent chrome sulphate has not been generally used since the second world war. Hexavalent salts are used as pigments in finishing operations but in small amounts. A study conducted on 300 male workers in the tanneries of the area showed a greater frequency of metaplasia and moderate dysplasia in sputum cells by comparison with a sample of the population resident in the same area and working as clerks in public administration, controlling for age and smoking habits.26 Tannery workers did not smoke with greater frequency than clerks (0-57 v 0-63). No information was available on past smoking habits, but it is unlikely that tannery workers smoked more than the general population. Indeed, Stern has suggested that the nature of tannery work may actually decrease the amount that these workers smoke.5 Altogether these findings suggest that additional research is justified to evaluate further the hypothesis that there is a raised risk of lung cancer in this occupation.
Leukaemias showed a slight excess in the cohort (5 observed v 3 expected). An association between leukaemias and employment in the leather industry occurs in several studies but there is no specific mention of tanning operations.
The excess of kidney and bladder cancers are of particular concern because of the use in the tanning cycle of dyes and pigments derived from aromatic amines. An extremely large amount of dyes and pigments is used, among which are some bladder carcinogens (benzidine based dyes, orthotolidine based dyes, orthodianisidine based dyes). '9 Possibly in the past two or three decades there has been considerable exposure to the chemicals used, owing to a lack of protective measures. Probably also benzidine based dyes were in greater use in the past and subsequently they have been partially replaced by others with less carcinogenic potency. The slight increase in this study of bladder cancer in the tannery workers of this area may be explained by the use of these products.
Two cases of soft tissue sarcomas occurred versus 0-09 expected. There is no mention in published reports of an excess of soft tissue sarcomas in tannery workers, except in one study in which one sarcoma was observed versus 0-07 expected. '4 Although the small numbers make it difficult to interpret these data, it should be mentioned that in the beam house (the pretanning operations) and in the tanning operations chlorophenols, which have been associated with these malignancies, are used.
Finally, it will be important to continue to follow up this cohort for some years as the numbers of observed deaths are still small and the period ofexposure rather short.
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